A Holstein dairy farm suffered an abortion outbreak due to neosporosis. Abortion losses were > 1 8%. Cows with the highest Neospora antibody titers were at the greatest risk of aborting. Mummified fetuses were found after the 43 rd day of the outbreak. The epidemic curve was suggestive of a point source exposure, which is consistent with the hypothesis that Neospora can be spread by a definitive host.
Materials and methods
on October 2 5 (day 0), and 9 more were aborted the following day (day 1 ).
Three fetuses were submitted for examination on day 2 of the abortion outbreak. Routinely performed diagnostic procedures included bacterial culture for aerobes and Campylobacter sp., fluorescent antibody examination for leptospires, estimation of ocular nitrate concentration, and histopathology. Sections of brain were examined immunohistologically for Neospora organisms. 1 Acute and convalescent sera from each aborting dam was examined for brucellosis, leptospirosis, bovine viral diarrhea (B VD), and infectious bovine rhinotracheitis (IB R) . Five more aborted fetuses were examined histopatholog ically and immunohistolog ically during the course of the outbreak.
A cohort of all cows between 1 1 0 and 2 40 days pregnant at the time of the onset of the abortion outbreak (day 0) was selected for a follow-up study because aborted fetuses of these ages would be relatively easy to observe. The herdsman recorded which of these cows aborted during the first 60 days of the outbreak, the date of each abortion, and the occurrence of mummified fetuses.
S equential serum samples were obtained from 4 cows that aborted before day 4 of the outbreak. Neospora antibody titers were determined. 5 Also, on day 1 8 of the outbreak, the It was not possible to determine the abortion incidence owners granted permission to obtain serum samples from 74 prior to this study in this herd of approximately 1 ,2 00 cows, cows that were present in a single pen. Neospora antibody but the attending veterinarian (Huffman) and the dairy farm-titers were determined, and the fate of the pregnancy of each ers believed that the incidence had been low. No abortions of these cows was recorded until each had calved or aborted. were observed between October 1 8 and October 2 4, the week Neospora antibody titers were compared for aborting and prior to the outbreak. One fetus (the index case) was aborted nonaborting cows using the Mann-Whitney test. There were no recent changes in feeding procedures Figure 1 . Epidemic curve representing the percentage of a cohort of 360 cows that aborted each week during an outbreak of neosporosis. These cows were between 1 1 0 and 2 40 days pregnant at the start of the outbreak. The curve has a sudden progression to the culmination point (apex) and a high amplitude and is skewed to the right. These features are suggestive of a point source exposure. Mummified fetuses began to be expelled after week 6, resulting in a secondary increase in the abortion rate. on the dairy. A total mixed ration was fed to all lactating cows. Corn silage was stored underneath tarps, hay bales were kept uncovered, and purchased commodities were stored in uncovered piles in an openfaced shed. Rats inhabited the silage. Dogs, cats, and birds had access to most areas of the dairy.
Dairy Herd Improvement Association records revealed that the rolling herd average milk production from April through June, prior to the abortion outbreak, was 2 1 , 850 lbs. Average milk production from October through December, at the time of the outbreak, was 2 1 , 440 lbs. Average somatic cell counts for the same periods were 2 3 3 ,000 cells/ml and 2 00,000 cells/ml, respectively.
Replacement heifers were raised on the dairy, and no cows or heifers had been purchased for more than 5 years. All breeding was done by artificial insemination, and pregnancies were confirmed by transrectal palpation. Prior to breeding, replacement heifers were administered an attenuated IB R/B VD/parainfluenza-3 vaccine, but cows were not revaccinated for these diseases.
Approximately 8 abortions occurred in the springing heifers 3 or 4 months prior to the outbreak in the cow herd. One of these fetuses had been submitted for diagnostic examination, and neosporosis was diagnosed. These heifers were maintained apart from the cow herd and were fed from a different silage pile.
S ixty-six out of a cohort of 3 60 pregnant cows (1 8%) aborted during the first 60 days of the outbreak (Fig.  1 ) . Mummified fetuses were first discovered on day 44.
Abortions continued for longer than the 2 -month study period, and some cows were eventually discovered to be open without an abortion having been observed.
Peak Neospora antibody titers had already occurred by day 4 in 3 of 4 cows that aborted at the start of the outbreak (Table 1 ) . Titers dropped 4-fold in 3 cows, but it took > 1 4 days for this to occur.
Neospora antibody titers were also determined for 74 cows on day 1 8 of the outbreak. Nine of these cows aborted prior to day 1 8, and 1 6 others aborted later. The remaining 49 cows delivered normally. Titers were greater in the aborting cows than in the cows that did not abort (P < 0.001 , see Table 2 ). Antibody titers to BVD virus, IBR virus, and Leptospira were determined in paired sera from 2 5 cows that aborted. Minor fluctuations in B VD virus antibody were detected in 2 cows, and a similar change in IB R antibody titer occurred in 1 cow.
Discussion
Neosporosis was diagnosed in all 8 fetuses that were examined during the abortion outbreak. Other contributing conditions were not found. Peak Neospora antibody titers had already occurred in 3 of 4 aborting cows by day 4 of the outbreak, indicating that exposure to the infectious organism probably occurred several days or weeks prior to the abortion outbreak. In a sample of 74 cows, those with the highest Neospora antibody titers were at the greatest risk of aborting. Care should be taken not to extrapolate the findings of this epidemic to the behavior of neosporosis in endemic situations.
Further serology of 2 5 cows that aborted did not reveal a widespread pattern of rapidly changing titers to B VD and IB R viruses or Leptospira. Rolling herd average milk production was high, bulk tank somatic cell counts were low, and neither value was altered during the time of the abortion outbreak. These observations indicated that the herd was well managed and (excluding neosporosis) in good general health. No evidence was found to suggest that the herd had suffered an immunosuppressive insult that could cause sudden widespread recrudescence of latent neosporo-S1 S.
A point source epidemic will typically have an epidemic curve that is skewed to the right, whereas propagating epidemics often have a curve skewed to the left and endemic diseases typically have a fluctuating curve of relatively low magnitude. 1 4,1 8 In the abortion outbreak at this dairy, the abortion curve was skewed to the right in a pattern highly suggestive of a point source exposure (Fig. 1 ) . The late expulsion of mummified fetuses resulted in a small secondary peak of abortions that were discovered after the primary wave. Mummification is the result of dehydration and shrinkage of the fetus in the uterus after fetal death and takes weeks or months to occur. 8 A point source epidemic may occur when susceptible animals are suddenly exposed to an infectious organism via a common source. In this herd, cows may have been exposed to Neospora through contaminated feed that was incorporated into the total mixed ration. Other investigators made similar deductions in an earlier report describing an outbreak of bovine neosporosis. 21 
